Introduction: Fresh leaves of Pseuderanthemum palatiferum (nees) radlk. ex lindau are claimed to cure various diseases and have become a popular medicinal plant among thai people. Products made from P. palatiferum leavesincluding powder decoctions, herbal tea bags and capsules -have been developed and are available in markets in thailand, but without quality control. Methods: Microscopic characteristics were observed under a light microscope. Physicochemical properties -including loss on drying, total ash, acid-insoluble ash, and water extractive values -were determined. Phytochemical screening for major groups of compounds was performed, and a thin-layer chromatographic (TLC) fingerprint of this plant was developed. Results: the microscopic characteristics showed the arrangement of palisade cells into two layers, and the presence of multicellular trichomes with a warty wall in the upper epidermis. Phytochemical screening revealed that P. palatiferum leaf extract contains flavonoids, phenolic compounds, unsaturated lactone rings, and steroid nuclei. Flavonoids, phenol carboxylic acid and terpenoids were detected in TLC fingerprints of P. palatiferum extract developed using blends of toluene: ethyl acetate: formic acid (5:4.5:0.5) and ethyl acetate: formic acid: water (90:2:2) as solvent systems. Conclusion: the results are useful for the establishment of a monograph on this plant which could be used for quality control of plant materials.
INTRODUCTION
Pseuderanthemum palatiferum (Nees) Radlk. ex Lindau belongs to the Acanthaceae family; its vernacular names are Hoanngoc and Xuan-hoa in Vietnam, and Payawanorn in Thailand. In recent years, P. palatiferum has become popular among Thai people. According to folkloric medicine, its fresh leaves are claimed to cure various diseases including diarrhea, peptic ulcer, hepatitis, nephritis, hypertension and diabetes. [1] It has been reported that the hypoglycemic effects of 80% ethanolic leaf extract of P. palatiferum have been observed in streptozotocin-induced diabetic rats. The extract also has shown beneficial effects on lipid profile, renal and liver functions of streptozotocin-induced diabetic rats. [2] Recently, leaf aqueous extracts of P. palatiferum have been reported as showing acetylcholinesterase inhibitory activity in rats. [3] The leaves of P. palatiferum have been found to contain phytosterols, flavonoids and saponins. Compounds including n-pentacosan-1-ol, β-sitosterol, stigmasterol and their corresponding 3-O-β-glucosides, as well as kaempferol 3-methyl ether 7-O-β-glucoside and apigenin 7-O-β-glucoside, have been isolated from P. palatiferum leaves. [4] In Thailand, P. palatiferum products from leaves -including dried powder for decoctions, herbal tea bags, and capsuleshave been developed and commercialized without quality control. A monograph on P. palatiferum leaves has not yet been completed. Thus, observations regarding the pharmacognostic aspects of this plant -including macroscopic and microscopic characteristics, physicochemical properties, and thin-layer chromatographic fingerprintsare necessary to provide important information for controlling the raw material quality of these products.
MATERIALS AND METHODS

Plant materials
Fresh leaves of Pseuderanthemum palatiferum (Nees) Radlk. were collected from Hoan Ngoc Garden, Khlong Luang district, Pathum Thani province, Thailand, and were identified by Prof. Dr. Wongsatit Chuakul of the Department of Pharmaceutical Botany, Faculty of Pharmacy, Mahidol University. Voucher specimens (PBM 04831) were deposited at the department's herbarium.
Pharmacognostic study Anatomical and histological examinations
The transverse sections and paradermal sections of fresh leaves were cleared by chloral hydrate solution, and then mounted in glycerine-water. The sections were examined under a light microscope. [5] Paradermal sections of the lower epidermis were observed under a camera lucida to obtain the number of stomata and ordinary epidermal cells in the same area. The stomatal index was calculated by the following equation: [6] Stomatal index = [
where S = number of stomata per unit area, and E = number of epidermal cells per unit area.
Powdered drug examination
The dried materials were ground and passed through a #40 sieve to obtain powder. The leaf powders were prepared and examined by the same procedure as described by the World Health Organization. [5] Palisade ratio, the average number of palisade cells beneath each upper epidermal cell, was observed using a camera lucida. The palisade cells lying beneath a group of four epidermal cells were counted and divided by four to obtain the palisade ratio of the group. [6] 
Physicochemical properties
The physicochemical properties -including loss on drying, total ash, acid-insoluble ash, and water extractive valueswere evaluated by the standard methods as described in The British Pharmacopoeia (BP). [7] The examination was done in triplicate.
Phytochemical study
The dried powder (70 g) was macerated with 350 ml of 80% ethanol for 1 week. The filtered ethanol extract was used in phytochemical screening and thin-layer chromatography fingerprinting.
Phytochemical screening
The dried powder was observed for the presence of alkaloids, cardiac glycosides, saponins, tannins, flavonoids, anthraquinone glycosides, and coumarins by color or precipitation tests as described by Farnsworth (1966) . [8] 
Thin-layer chromatographic (TLC) fingerprinting
The ethanol extract was streaked as a 3 mm band on four precoated silica gel aluminum plates 60 F254 . Two solvent systems were used as mobile phases. Solvent system I consisted of toluene: ethyl acetate: formic acid (5:4.5:0.5), while solvent system II was composed of ethyl acetate: formic acid: water (90:2:2). Two plates were developed using solvent system I, while the others were developed by solvent system II. All plates were examined under short (254 nm) and long (365 nm) wavelength UV light, the chromatograms were recorded. Then two plates from different solvent systems were sprayed with natural product/ polyethylene glycol (NP/PEG) spray reagent and observed under long-wave UV light after spraying; whereas the other plates were sprayed with anisaldehyde-sulfuric acid (AS) spray reagent, heated at 105 °C for 5-10 min, and observed under visible light and long-wave UV light. Powdered drug: The dried powders of P. palatiferum leaves are dark green in color, odorless and tasteless. The diagnostic characteristics are as follows:
RESULTS
Pharmacognostic study
• The abundant leaf fragments in surface view are the upper and lower epidermises. Epidermal cells are polygonal in shape (Figure 2A, 2D ). There are many lithocyst cells and glandular trichomes scattered on both surfaces ( Figure 3A, 3B ). Multicellular trichomes with warty walls are found scattered only on the upper epidermis ( Figure 3C ). The lower epidermis is comprised
• Some fragments of the petiole in surface view show rectangular epidermal cells. Lithocyst cells are also found in petiole fragments ( Figure 4 ).
Physicochemical properties
The percentages of loss on drying, total ash, acid-insoluble ash, and water-soluble extractive of P. palatiferum leaf powder were as follows. The values are expressed as mean ± S.D.
Loss on drying : 9.45 ± 0.10% Total ash : 18.14 ± 0.08% of diacytic stomata ( Figure 2D, 8F) . In paradermal view, the palisade cells are found to be circular in shape and tightly arranged, while spongy mesophyll cells are irregular in shape with intercellular spaces between them ( Figure  2B, 2C ).
• Some leaf fragments in sectional view show the upper epidermis with glandular and multicellular trichomes ( Figure 3D ). TLC chromatograms developed using a solvent system of ethyl acetate: formic acid: water (90:2:2) are shown in Figure 6 . After NP/PEG spraying, bands 5, 7 and 8 (hR f = 58, 67 and 78), which gave of blue fluorescence at 365 nm, were defined as phenol carboxylic compounds. Bands 1, 2 and 3 (hR f = 17, 22 and 29) gave off yellow, orange and blue-green fluorescence, respectively, under 365 nm UV light. These bands were defined as flavonoids. AS spraying resulted in two visible bands, bands 4 and 6 (hR f = 37 and 62), which showed violet and pink color, respectively, and were defined as terpenoids.
DISCUSSION
Microscopic examination of fresh leaves and dried powder of P. palatiferum revealed some special microscopic characteristics. Palisade cells are arranged into two layers: cells in the upper layer are cylindrical in shape, and those in the lower layer are spherical in shape. Multicellular trichomes with warty walls are present in the upper epidermis. Some characteristics Acid-insoluble ash : 6.11 ± 0.25% Water-soluble extractive : 25.96 ± 1.63%
Phytochemical study Phytochemical screening
The 80% ethanol extract of P. palatiferum leaves was found to contain flavonoids, phenolic compounds, unsaturated lactone rings, and steroid nuclei; while alkaloids, tannins, anthraquinones, coumarins, saponins, and deoxy sugars were not found, as shown in Table 1 .
Thin-layer chromatography (TLC) fingerprints
TLC chromatograms, developed using toluene: ethyl acetate: formic acid (5:4.5:0.5) as a solvent system, are shown in Figure 5 . After NP/PEG spraying, four blue fluorescence bands (bands 3, 4, 6 and 8; hR f = 16, 26, 32 and 40) observed under 365 nm were defined as phenol carboxylic compounds. After AS spraying, band 5 (hR f = 29) gave off a pink color, while bands 2, 8 and 11 (hR f = 13, 40, and 55) gave off a violet color under visible light. These bands were defined as terpenoids. saponin was not present in the leaves; but in contrast, Giang et al. (2003) reported the presence of saponins in the n-butanol soluble fraction. [4] It might be suggested that the leaves may contain no saponins, or only a small amount which cannot be detected by a froth test.
TLC fingerprints of P. palatiferum were developed using two solvent systems -toluene: ethyl acetate: formic acid (5:4.5:0.5), and ethyl acetate: formic acid: water (90:2:2). The detection was performed by spraying with NP/PEG or anisaldehydesulfuric acid. With NP/PEG, flavonoids gave off yellow, orange, or blue-green fluorescence, and phenol carboxylic compounds demonstrated blue fluorescence under 365 nm UV light. With anisaldehyde/sulfuric acid spray reagent, terpenoids gave off a pink or violet color under visible light. [9] Phenol carboxylic compounds and terpenoids were detected in TLC chromatograms developed with both solvent systems, while flavonoids were detected only in the solvent system of ethyl acetate: formic acid: water (90:2:2). Therefore, this solvent system was more appropriate for controlling the chemical content of the plant materials.
CONCLUSION
The microscopic characteristics and physicochemical properties of P. palatiferum leaves were recorded. The special anatomical and histological characteristics are the arrangement of palisade cells into two layers, cylindrical-shaped cells in the upper layer and almost spherical-shaped cells in the lower layer. In addition, multicellular trichomes with warty walls are present in the upper epidermis. Phytochemical screenings revealed that this plant contains flavonoids, phenolic compounds, unsaturated lactone rings, and steroids nuclei. TLC chromatograms of ethanol extract of P. palatiferum leaves, which were developed using two solvent systems -toluene: ethyl acetate: formic acid (5:4.5:0.5), and ethyl acetate: formic acid: water (90:2:2) -revealed that the extract may contain are similar to other species in the Acanthaceae family, such as Andrographis paniculata and Clinacanthus nutans, [6] including diacytic-type stomata, the presence of glandular trichomes and lithocyst cells in both the upper and lower epidermis, as well as the presence of lithocyst cells in leaf and petiole fragments.
Examination of the physicochemical properties of P. palatiferum dried leaf powder revealed that the loss on drying value, which represents the amount of water and volatile matter in the sample, was 9.45% of leaf powder. The total ash value represents the amount of chemical elements remaining after ignition. This includes only physiological ash derived from plant tissue itself, because all of the foreign matter was definitely removed from the sample. Therefore the total ash value could be set as the maximum limitation of total ash value, which is useful for examination of foreign matter such as sand and soil. The 18.14% of total ash value of P. palatiferum leaf powder was near the maximum limitation of total ash values of Andrographis paniculata and Clinacanthus nutans (15% and 21%, respectively). [6] These high values might be due to calcium carbonate residue contained in lithocyst cells which were found in these three species but rarely observed in others. The amount of water-soluble compounds in the leaf powder was expressed by water-soluble extractive value, which was 25.96% of leaf powder.
The phytochemical screenings for the group of major compounds were examined by color and precipitation tests. The results indicated that P. palatiferum leaves contained flavonoids, phenolic compounds, unsaturated lactone rings and steroid nuclei. These results correspond with the study by Giang et al. (2003) , in which flavonoids were found in ethyl acetate, chloroform and the n-butanol fraction, and phytosterols were found in the n-hexane fraction of P. palatiferum leaves. [4] However, a froth test indicated that 
